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X-ray, neutron and proton transmission radiography and computed tomography 
(CT) are important diagnostic tools that are at the heart of LLNL’s effort to meet the 
goals of the DOE’S Advanced Radiography Campaign. This campaign seeks to improve 
radiographic simulation and analysis so that radiography can be a useful quantitative 
diagnostic tool for stockpile stewardship. 

Current radiographic accuracy does not allow satisfactory separation of 
experimental effects from the true features of an object’s tornographically reconstructed 
image. This can lead to difficult and sometimes incorrect interpretation of the results. By 
improving our ability to simulate the whole radiographic and CT system, it will be 
possible to examine the contribution of system components to various experimental 
effects, with the goal of removing or reducing them. In this project, we are merging this 
simulation capability with a maximum-likelihood (constrained-conjuga te- 
gradient-CCG) reconstruction technique yielding a physics-based, forward-model 
image-reconstruction code. In addition, we seek to improve the accuracy of computed 
tomography from transmission radiographs by studying what physics is needed in the 
forward model. 

During FY 2000, an improved version of the LLNL ray-tracing code called HADES 
has been coupled with a recently developed LLNL CT algorithm known as CCG. The 
problem of image reconstruction is expressed as a large matrix equation relating a 
model for the object being reconstructed to its projections (radiographs). Using a 
constrained-conjugate-gradient search algorithm, a maximum likelihood solution is 
sought. This search continues until the difference between the input measured 
radiographs or projections and the simulated or calculated projections is satisfactorily 
small. 

from HADES as the projector. Often an object has axial symmetry and it is desirable to 
reconstruct into a 2D r-z mesh with a limited number of projections. The physics (e.g., 
scattering and detector response) required in the HADES code is determined from 
Monte Carlo simulations. The current version of HADES-CCG reconstructs into a 
volume-density mesh made of one material and assumes a monochromatic source. 

Both 10-MeV neutrons and 9-MV x-rays were used to image a British Test Object 
(BTO). This object consists of a set of nested C, W and polyethylene shells and is used 
for tomographic algorithm verification. The neutron and x-ray radiographs (Figure left 
side) of the BTO show some of the joint and different material details. However, it is 
difficult to use the radiographic projection data to obtain detailed quantitative 
measurements of the joint thickness, material boundaries, etc. To extract more details 
from the BTO radiographs, a single radiographic projection was used to obtain a 2D CT 
cross section of the BTO (Figure, right side). These cross sections were obtained using 
the current HADES-CCG code. Comparing the x-ray to the neutron CT reconstructions 

We developed a 2D HADES-CCG CT code that uses full ray-tracing simulations 
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on the right of the Figure, it is apparent that spatial resolution is superior in the x-ray 
image. This is expected and is largely due to source unsharpnes: 

Our current implementation of HADESCCG has shown interesting potential, but 
more work is needed to make a fully viable reconstruction code. In FY 2001 we will 
study the treatment of multiple materials and polychromatic sources in a 
reconstruction. We will expand the HADES-CCG code to include 3D reconstructions in 

2001, broadening its applicability. 
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-,lev neuaon radiograph oi the BTO. ucbon of the BTO 
using the single radiograph shown to the left. Bottom: Left: 9-MV x-ray radiograph of the 
BTO. Right: 2D CT reconstruction of the BTO using the single radiograph shown to the 
left. The dotted box highlights the portion of the radiograph used to obtain the 2D cros! 

ase. Both CT images were reconstructed into the same VOIP~ 


